Aromatase inhibitors have played a central role in endocrine therapy for the treatment of estrogen receptor (ER)-positive breast cancer in postmenopausal patients. However, prognostic factors for recurrence following such treatment have not been identified. The current study aimed to validate the prognostic value of endocrine-related progesterone receptor (PgR) status combined with body mass index (BMI). Among 659 consecutive patients with primary breast cancer who underwent curative surgery between 2002 and 2012, 184 postmenopausal patients with ER-positive (ER+) and human epidermal growth factor receptor type 2-negative (HER2-) breast cancer who were treated with adjuvant aromatase inhibitor therapy were assessed. The patients were assigned to groups based on BMI, according to the WHO cut-off value: ≥25 kg/m 2 (high, H) or <25 kg/m 2 (low, L). Positive nodal status, negative PgR status, BMI-H and a high Ki-67 labeling index (≥20%) were found to be significantly associated with a short recurrence-free interval (RFI) upon univariate analysis (P=0.048, 0.007, 0.027, and 0.012, respectively). The patients were further grouped based on their combined PgR/BMI status. The RFI was significantly shorter in the PgR-and/or BMI-H group compared with that of the PgR+/BMI-L group (P=0.012). Multivariate analysis revealed PgR-tumors and/or BMI-H and positive nodal status to be independent prognostic factors (P=0.012 and 0.020, respectively). The present findings indicate that PgR/BMI status may serve as a practical tool in the management of ER+ and HER2-breast cancer in patients treated with adjuvant aromatase inhibitors.
Introduction
Aromatase inhibitors have been widely administered as adjuvant treatment for hormone receptor-positive breast cancer in postmenopausal women. The results of recent clinical trials have demonstrated that third-generation aromatase inhibitors, including anastrozole, letrozole and exemestane, are more effective than tamoxifen in treating early stage or metastatic breast cancer in postmenopausal women (1) . Thus, aromatase inhibitors are now considered to be the gold standard of endocrine therapy for such patients in adjuvant and metastatic settings (2, 3) . Characterization of the risk of recurrence for patients who receive aromatase inhibitors is important for selecting appropriate treatment. However, factors that can predict the outcomes of aromatase inhibitor treatment remain unknown.
A number of studies have investigated tumor biomarkers that indicated differential benefit from aromatase inhibitors versus tamoxifen in patients with early breast cancer (4) (5) (6) . Such biomarkers included the conventional factors, estrogen receptor (ER), progesterone receptor (PgR), human epidermal growth factor receptor type 2 (HER2) and Ki-67, and did not identify patients who derived a differential relative benefit from aromatase inhibitors over tamoxifen. Expression of the PgR gene is thought to largely depend on an intact ER signaling pathway, and the expression of PgR is associated with endocrine responsiveness (7) . Low PgR expression was found to be associated with a poor prognosis in patients treated with adjuvant tamoxifen therapy (8) . However, the prognostic significance of PgR in patients treated with adjuvant aromatase inhibitors has remained unclear.
The risk of breast cancer risk among postmenopausal women is positively associated with higher circulating concentrations of estrogen. Obese women have higher circulating estradiol levels as adipose tissue is an important source of estrogens in postmenopausal women (9-11). As obesity is associated with increased adipose tissue and aromatase activity, aromatase inhibitors may be less effective in women who are overweight or obese.
The ~15% of breast cancer patients with overexpressed HER2 are treated with trastuzumab, a monoclonal antibody targeting HER2, combined with adjuvant chemotherapy (12) . Conversely, the selection criteria of adjuvant treatment in patients with the ER+/HER2-subtype is particularly difficult to define. Patients who are at high risk for recurrence need to be distinguished from those at low risk, for whom adjuvant aromatase inhibitors may be sufficient (4) (5) (6) .
Based on this background, we postulated that PgR/body mass index (BMI) status would affect the outcomes of adjuvant aromatase inhibitor therapy in postmenopausal women, as PgR is an endocrine-related tumor factor and BMI is an endocrine-related factor. The aim of the current study was to attempt to classify patients with ER+/HER2-breast cancer by analyzing the associations between PgR/BMI status and clinicopathological factors, including prognosis.
Patients and methods
Patients. Between September 2002 and October 2012, 659 consecutive patients with primary breast cancer underwent curative surgery at Hiroshima Prefectural Hospital. Among the 391 postmenopausal patients who had breast cancer while menopausal, 56 who had received preoperative chemotherapy and 118 who were either ER-or HER2+ were excluded from the analysis. In addition, 5 patients who were treated with tamoxifen and 28 who did not undergo endocrine therapy were also excluded. Finally, data derived from 184 postmenopausal patients with a median age of 64 years (range, 50-91 years) and with ER+/HER2-breast cancer treated with aromatase inhibitors were analyzed (Fig. 1) . Patients who were considered to be at high risk according to prevalent breast cancer guidelines were administered with chemotherapy (13) (14) (15) (16) (17) (18) (20) . Positive ER and PgR status was determined by immunohistochemistry (IHC) and scored according to the Allred system (21). Tumors were defined as HER2+ when IHC scores were 3+ or HER2 amplification ratios (HER2/CEP17) by fluorescence in situ hybridization were >2.2. Ki-67 was detected by staining with a MIB1 antibody. Different areas of densely stained lesions were selected under microscopy and >500 cancer cells were assessed to determine Ki-67 expression levels; values were expressed as the percentage of positive cells in each case. Cases with a Ki-67 labeling index ≥20% were defined as positive, whilst cases with an index <20% were defined as negative (22) . Briefly, tumor specimens were stained using rabbit monoclonal anti-ER antibody (SP1; 790-4324, Ventana Medical Systems, pre-diluted), rabbit monoclonal anti-PgR antibody (1E2; 790-2223, Ventana Medical Systems, pre-diluted), rabbit monoclonal anti-HER2 antibody (4B5; 790-2991, Ventana Medical Systems, prediluted), and mouse monoclonal anti-Ki67 antibody (MIB-1; M7240, Dako, 1:80). IHC staining was performed according to the ultraView Universal DAB Detection Kit (760-500, Ventana Medical Systems) manufacturer's instructions.
Follow-up evaluation. All patients were followed up from the day of surgery. Follow-up care plans included clinical breast and regional lymph node examinations by visual and touch inspection every 3 months and yearly mammograms. Recurrence was defined as any unequivocal occurrence of new cancer foci in a hitherto disease-free patient. The site of the first cancer recurrence and the interval between surgery and recurrence were determined. Recurrence-free intervals (RFI) were calculated as the amount of elapsed time between the date of surgery and that of the first confirmation of cancer recurrence or the last clinical contact attesting to disease-free status.
Statistical analysis. Data are presented as number of patients (with percentages) or as means, unless otherwise stated. Frequencies were compared using the χ 2 test for categorical variables, and small samples were assessed using Fisher's exact test. The duration of the RFI was determined using Kaplan-Meier analyses, and differences in RFI were assessed using the log-rank test. Cox's proportional hazards model was used for univariate and multivariate analyses of prognostic values. Multivariate analyses included variables determined to have P<0.05 in the univariate analyses; P<0.05 was considered to indicate statistical significance in all tests. Data were statistically analyzed using SPSS software version 10.5 (SPSS Inc., Chicago, IL, USA) (23) .
Results
Patient's characteristics. Table I shows the clinicopathological characteristics of the 184 patients enrolled in this study. Among these patients, the median age was 64 years (range, 50-91 years), 130 patients (70.7%) had pT1 status, 40 (21.7%) had positive nodal status, and 89% of the tumors were histopathologically diagnosed (by hematoxylin and eosin staining) as invasive ductal carcinoma. Over 80% of the tumors were PgR+ (83.7%), the median Ki-67 labeling index was 16.3% (range, 0.0-60.0%) and 53 (28.8%) patients had received adjuvant chemotherapy. Anastrozole treatment had been administered in 96 (52.2%) cases, whilst 84 (45.7%) patients had been treated with letrozole. Fig. 2 ). Two thirds of these patients were underweight or of normal weight (n=120), and one third was overweight (n=52) or obese (n=12) (Fig. 2) .
Regression analyses of RFI. Breast cancer recurred in 16 patients during the follow-up period. The variables included in the univariate analysis of RFI in the 184 patients were BMI, tumor size, nodal status, nuclear grade, lymphovascular invasion status, PgR status, Ki-67 labeling index and chemotherapy. A high BMI, positive nodal status, negative PgR status and high Ki-67 labeling index were significantly associated with a short RFI (P=0.048, 0.007, 0.027, and 0.012, respectively).. Multivariate analysis, which included BMI, nodal status, PgR status and Ki-67 labeling index, identified positive nodal status as an independent prognostic factor for RFI [hazard ratio, 3.27; 95% confidence interval, 1.20-8.90; P=0.020] (Table II) .
Impact of PgR/BMI status on clinicopathological factors and prognosis.
Considering the mechanism of action of aromatase inhibitors, the impact of PgR/BMI status on prognosis was analyzed. A significantly shorter RFI was observed in patients with PgR-negative tumors and/or BMI-H compared with that of PgR-positive tumors and low BMI (PgR+/BMI-L; P=0.003) (Fig. 3) .
Tumors were significantly larger and the Ki-67 labeling index was higher in the 'unfavorable' PgR-or BMI-H group, than in the 'favorable' PgR+/BMI-L group (P=0.024 and <0.001, respectively). Nodal status was not associated with the combined PgR/BMI status (P=0.721; Table III ). BMI, body mass index; BMI-L, low body mass index; BMI-H, high body mass index; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PgR, progesterone receptor; PgR-, progesterone receptor-negative; PgR+, progesterone receptor-positive. Multivariate analysis of combined PgR/BMI status, nodal status and the Ki-67 labeling index using the Cox proportional hazards regression model identified PgR-or BMI-H and positive nodal status as independent prognostic factors (P=0.012 and 0.020, respectively) (Table IV) .
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Discussion
The current study described a series of 184 postmenopausal patients with ER+ and HER2-breast cancer who were treated with adjuvant aromatase inhibitor therapy. The results reveal the importance of combining PgR status with BMI into a single prognostic factor. To our knowledge, this is the first report to demonstrate an association between PgR/BMI status and the outcome of adjuvant aromatase inhibitor therapy for postmenopausal patients with breast cancer.
Three randomized trials in the adjuvant setting of postmenopausal breast cancer have examined the role of BMI in the relative effectiveness of aromatase inhibitors vs. tamoxifen: The Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial (24); the Breast International Group (BIG) 1-98 trial (25) ; and the Tamoxifen Exemestane Adjuvant Multinational (TEAM) trial (26) . In the three trials, an aromatase inhibitor was associated with improved outcomes compared with that of tamoxifen at all BMI values. Notably, BMI did not significantly interact with letrozole (vs. tamoxifen) in the BIG 1-98 trial (25) , whereas the ATAC investigators concluded that the relative benefit of anastrozole (vs. tamoxifen) may be more pronounced in women of a lower weight (24) . These findings do not support the notion that BMI can predict the benefit of aromatase inhibitors (vs. tamoxifen) as adjuvant therapies in postmenopausal patients with breast cancer (27) . Sendur et al (28) reported similar findings from a retrospective analysis. The study showed that the one-and three-year disease-free survival and three-year overall survival rates following treatment with aromatase inhibitors were similar among patients who were overweight, obese and of normal weight. They concluded that BMI does not negatively impact the outcomes of ER+ breast cancer in postmenopausal patients. The current finding that BMI did not reach statistical significance for RFI in multivariate analysis supported those of Sendur et al (28) .
A number of studies have identified an association between levels of endogenous sex hormones and BMI in postmenopausal women (29) (30) (31) . The conversion of androstenedione to estrone or estradiol by aromatase in adipose tissue is a major source of estrogen in postmenopausal women (9) (10) (11) . A high BMI leads to elevated serum estradiol concentrations. The association between plasma estrogen levels and BMI in postmeno pausal women with breast cancer treated with aromatase inhibitors has also been investigated in numerous studies (32) (33) (34) (35) , however, the results are inconsistent. Among them, the ALIQUOT study (Anastrozole vs. Letrozole, an Investigation of Quality Of Life and Tolerability) identified a relationship between poorly suppressed levels of plasma estradiol and estrone sulfate and a high BMI during treatment with aromatase inhibitors (36) . Although the effects of BMI on clinical outcomes and on estrogen levels in postmenopausal women with breast cancer treated with aromatase inhibitors have not yet been clarified, it is clear that a high BMI is not advantageous to the outcome of such treatment.
Meanwhile, the molecular mechanisms of PgR remain largely unknown. The PgR is synthesized by tumor cells following stimulation by estrogens through interaction with the ER. The ER pathway targets PgR, the presence of which reflects a functional ER pathway (37, 38) . In theory, PgR may be a better indicator of hormonal dependence. The St. Gallen international expert consensus on primary therapy for early breast cancer 2013 has recently adopted PgR status to define more endocrine-sensitive subgroups (17) . The results of the present study showed that PgR-and/or BMI-H when associated with a high Ki-67 labeling index was an independent predictor of a poor prognosis in addition to being a more significant predictor than positive nodal status. Conversely, PgR+ tumors together with BMI-L indicated highly sensitive endocrine tumors and low levels of plasma estrogen, which may be a good indication for therapy with aromatase inhibitors. Combined PgR/BMI status could thus theoretically lead to better outcomes. However, this notion must be addressed by evaluating aromatization and estrogen levels during treatment in future studies.
The limitations of the present study include the small sample cohort, the retrospective design, the single institution and the short follow-up period. Furthermore, baseline values composed the only available information about BMI, which did not reflect weight changes during follow-up. Nonetheless, a clear statistical difference was identified between PgR/BMI statuses. A prospective analysis of PgR and BMI is required to assess its role as a biomarker of outcomes among patients with ER+/HER2-breast cancer.
In conclusion, the present retrospective analysis demonstrated that PgR/BMI status may serve as a useful prognostic factor in postmenopausal women with ER+ and HER2-breast cancer treated with adjuvant aromatase inhibitors. PgR and BMI may be an important consideration when customizing adjuvant treatment strategies.
